Abstract
Introduction
In last decades, the economic growth has been accompanied by increasing global environmental concerns, such as pollution, increasing scarcity of natural resources and energy security. In this context, concept of sustainable development (SD) and eco-innovation became a hot issue for policy and business practices focused on tackling eco-challenges. Advocates of the Green New Deal (UNEP 2009) or Green Growth (OECD 2011) encourage more strict environmental regulations, expecting that they will facilitate the promotion of a low carbon, green economy (UNEP 2011) and contribute to economic growth.
In the centre of this debate one can find the eco-innovation concept, defined as "... the introduction of any new or significantly improved product (good or service), process, organizational change or marketing solution that reduces the use of natural resources (including materials, energy, water and land) and decreases the release of harmful substances across the life-cycle" (EIO 2010) .
The aim of this paper is to present a comparative cross-country analysis of the relationship between eco-innovation and its main drivers within firms from selected Central Eastern European (CEE) countries an d Germany.
In the first part of the paper, the overall innovation performance and the ecoinnovation performance of European Union Member States are presented. This is followed by the theoretical part, which provides an insight into the position of ecoinnovation driving forces in stimulating eco-innovation performance. The empirical part, based on micro-data from Community Innovation Survey (CIS) 2006-2008, covers the results of a stepwise regression analysis of selected eco-innovation drivers and the eco-innovation performance of CEE countries (Bulgaria, Czech Republic and Romania). The results are compared with those for enterprises from Germany. The last section contains conclusions.
Innovation and eco-innovation performance of CEE countries
While considering overall innovation performance, the CEE countries rank low among the European Union Member States. Based on data from Innovation Union Scoreboard 2015 we can conclude, that only Slovenia joined the group of Innovation Followers, with an overall innovation performance close to the EU Do Government Policies Foster… 47 average. The majority of countries from the CEE region, including Croatia, the Czech Republic, Estonia, Hungary, Lithuania and Poland, form the group of Moderate Innovators with an innovation performance below the EU-27 average, whereas Bulgaria, Latvia and Romania are categorized as Modest Innovators (with an innovation performance far below the EU-27 average). Although in the last seven years the CEE countries, on average, are growing much faster that EU-15, the differences between these two groups in terms of overall innovation performance is still at a relatively high level (Innovation Union Scoreboard 2015) .
Inasmuch as the transition to a resource-efficient economy is a central issue of the Europe 2020 Strategy for the EU's economy for the next decade (EC 2010 , Wysokińska 2016 , supervising eco performance of EU Member States is one of key issues. Thus the Eco-Innovation Scoreboard "Eco-IS", a tool to assess eco-innovation performance of EU countries has been initiated.
1 The Eco-Innovation Scoreboard ranks majority of CEE countries (despite their restructuring efforts -Wysokińska 2013, pp. 203-226) as "catching-up" countries, whereas top ranking EU countries for eco-innovation are members of the group of Innovation Leaders -Finland, Sweden, Germany and Denmark. As we anticipate, that there is potential relationship between overall innovation performance and the eco-innovation performance of EU Member States, a linear regression model is constructed. Based on data from the Innovation Union Scoreboard and Eco-Innovation Scoreboard for 2013, with a satisfactory level of coefficient of determination (R² = 0.7234), we can separate two groups of countries: the first being those where the level of both indicators is low; and the second being those where both indicators are significantly higher. The first cluster consists of the CEE countries, while the second one consists of innovation leaders, both in terms of overall innovation performance as well as eco-innovation indicators (Chart 1).
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Thus, the results presented in Chart 1 confirm that the European Union is still divided and that the convergence process, both in terms of overall innovation performance as well as eco-innovation, although advancing is still difficult to be finalized. 1 The indicators in the Eco-Innovation Scoreboard are divided into five components covering ecoinnovation inputs (including early stage investments in clean technology), eco-innovation activities (such as the percentage of firms taking resource-efficiency measures), eco-innovation outputs (such as relevant patents), resource-efficiency performance, and socio-economic outputs (such as data on turnover, employment and exports), For more information see: http://www.eco-innovation.eu.
2 It should be borne in mind however that scores can be influenced by many structural factors, such as the relative importance of different industrial sectors or the economic trends in each country (Eco-Innovation Scoreboard, 2013) , and that such factors were not taken into account.
Theoretical background and hypotheses' development
There is an in-depth debate in the literature about the unique features of environmental innovation as opposed to "conventional" innovation. Recent studies define eco-innovation as the development of new products, processes, services and technologies that contribute to the development and well-being of human needs and institutions while respecting the worlds' natural resources and regenerative capacity (Gerlach 2003; Yoon & Tello 2009, pp. 85-115) . Under the widely discussed concepts of sustainable development and corporate social responsibility (Witkowska 2016) , the meaning of eco-innovation has come to include social and institutional aspects. Thus business approach to sustainability has moved from pollution control to eco-efficiency and socio-efficiency. As compared to "conventional" innovation, ecoinnovation have some major differences (Yarahmadi & Higgins 2012, pp. 400-420) . Firstly, it is perceived as more risky than the "traditional" innovation, as it is not an open-ended concept. Secondly, the scope of eco-innovation can extend beyond the conventional organizational boundaries of the innovating firm to encompass broader societal milieu. It thus involves changes in social norms, cultural values and institutional structures -in partnership with stakeholders such as competitors, partners in the supply chain, consumers, governments -to leverage more environmental benefits from the innovation (OECD, 2009) .
Extant research has shown that a firm's decisions on eco-innovation are influenced by a variety of factors: technology push, market pull, regulatory (push/pull) policy, industry-and firm-specific aspects. Most scholars agree that technology push factors are especially important during the initial phase of developing a new product, whereas demand factors become more important during the diffusion phase (Pavitt 1984, pp. 343-373; Hemmelskamp 1999; Horbach & Rennings 2007) .
Conventionally, eco-innovation was perceived by economists and business as an additional cost burden for the firm resulting from strict environmental regulations, and reducing its competitiveness (for a literature review, see Palmer et al. 1995, pp. 119-132) . This view was challenged by many scholars, particularly Michael Porter (Porter 1991) and his co-author Claas van der Linde (Porter & van der Linde 1995b, pp. 120-134) (for further debate on Porter's hypothesis, see the literature review: Ambec et al. 2011) . These authors advocated that more severe but correctly designed regulations can "trigger innovation … that may partially or more than fully offset the costs of complying with them" (Porter & van der Linde 1995a, p. 98) .
In this vein, this paper particularly focuses on the role of different policy measures for the eco-innovation performance of enterprises. Such policy measures include science, technology and innovation policy, and environmental as well as fiscal policy (Kemp & Pontoglio 2011, pp. 28-38; Rennings 2000, pp. 319-332) .
Taxonomy proposed by Edler and Georghiou (2007, pp. 319-332 ) that divides policy measures into those supporting the supply side and those supporting the demand side will be applied. Public policies can act on both the demand and the supply sides to generate favourable surroundings for eco-innovation. Policy measures supporting the supply side include equity support; support for R&D in the public sector and industry; fiscal measures; education, training and mobility; and promoting networks and partnerships. The demand side of policy measures consists of regulations and standards; public procurement; technology transfer; financial or fiscal support for technology adopters and support for private demand. Table 1 presents different policy measures concerning eco-innovation implemented in the four investigated countries. Based on the results we can conclude that the overall spectrum of policy measures supporting eco-innovation is not fully exploited among the countries from the CEE region, whereas Germany seems to use a much more diversified spectrum of measures. Only support for cooperation in the Czech Republic, Romania and Germany (with Bulgaria lagging behind) and regulations and standards seem to be used similarly in all the countries studied (see Table 1 for details).
In this part of the research special emphasis is given to public financial support for overall innovation activity, coming from local, government and European Union sources; as well as government grants, subsidies or other financial incentives for environmental innovation and existing government regulations or taxes on pollution, and their role in accelerating firms' eco-innovation performance.
Market failure, which suggests that firms under-invest in innovation activities if they are not able to capture and appropriate all potential benefits from investment in R&D, justifies governmental intervention in firms' innovative activity (Arrow 1962, pp. 608-662; Nelson 1959, pp. 297-306; Luukkonen & Niskanen 2000) . It is generally expected, that increasing public support for R&D results in additionality, which can be defined as changes in the financed firms' R&D spending, behaviour or performance which would not have occurred without the public program or subsidy (Buisseret et al. 1995, pp. 587-600) . While input additionality focuses on the degree to which public efforts enhance private R&D spending, output additionality deals with its leverage effect on a firm's innovation performance (Luukkonen 1998). Garcia and Mohnen (2010) have found that financing from the central government increases the intensity of R&D spending as well as the share of innovative products in total sales. However, in the case of support from the central government and the EU, the impact of the support offered by the latter decreases.
Research concerning the additonality issue with respect to the Central and Eastern Europe (CEE) countries is not fully developed. Grabowski et al. (2013) , based on data for CIS 2008 and 2010, evaluated the efficiency of public support in Turkey and Poland, , and found out that government support contributes to higher innovation spending by firms (input additionality), which in turn improves their chances to introduce product innovations, although support from local governments proved less efficient than the support from the central government or the European Union.
Different results were obtained by Weresa and Lewandowska (2014, pp. 171-191) , who investigated the support of innovative activities by funds coming from the European Union among Polish large and medium-sized industrial enterprises. Based on Polish CIS 2010 data they discovered the presence of input additionality, but only for the expenditures on machinery and equipment, with a negative relationship between support and expenditures on external R&D. The output additionality was not proven, meaning that there was no direct connection between EU funds and the increase of innovation performance measured by the turnover of innovative products in total sales.
For the purpose of this paper the idea of "eco-output additionality" is created, described as "firms' enhanced eco-innovation performance resulting from public financial support". Despite existing disparities on the influence of public financial support, it is supposed that public financial support, will result, at least to some extent, in eco-output additionality, thus leading to the first hypothesis:
Hypothesis 1. Financial support for innovation from local (H1a), government (H1b) or EU authorities (H1c) results in eco-output additionality and thus stimulates firms' eco-innovation performance.
There exist a wide range of tools that can support firms' innovative activity, such as deferred tax payments, tax deductions, grants, preferential loans for R&D activities. It should be underlined however, that grants has several limitations, which arise from information asymmetries between the investors and government agencies, costly administrative formalities and often political pressure (Czarnitzki et al. 2011, pp. 217-229) .
On the other hand tax incentives can be more effective than direct support for R&D (OECD 2012) , as there is no subjective decisions to be made about the distribution of support among specific economic sectors, industries, and firms. Thus, more firms are encouraged to undertake innovative activities (Bloom et al. 2002, pp. 1-31) . Policy makers believe, that greater public support for R&D activities leads to an increase in R&D investments, which, in turn, results in an increase in innovation performance. An example of how the additionality effect can be estimated is included in the works of Halpern (2010) who, while investigating Hungarian firms, found a positive relationship between subsidies and both the level of R&D expenditure and innovation performance.
In this research we suppose that financial support directly influencing ecoinnovation will have more impact on eco-innovation performance than public financial support that is generally directed towards innovation activities. Thus the second hypothesis is formulated:
Hypothesis 2. Financial incentives deliberately supporting the introduction of ecoinnovation are more important for the firms' eco-innovation performance than financial support for "standard" innovation activities.
Research shows that firms are often unable to assess the future business performance in the context of their sustainability engagement, therefore do not engage spontaneously in SD/CSR-related innovations (Kemp 2000) , and their engagement in eco-innovation depends to big extent on regulations, defined as "a policy with a strictly controlled purpose that is formulated by public authorities without the involvement of private agents (Paraskevopoulou 2012 (Paraskevopoulou , pp. 1058 (Paraskevopoulou -1071 .
Empirical studies suggest, that environmental regulation remain a key element of triggering eco-innovation (Beise & Rennings 2005, pp. 5-17 ). An extensive body of literature positively validates the hypothesis of the important impact of regulations and anticipation of regulation on the introduction eco-innovation in enterprises (Frondel et al. 2008, pp. 153-160; Rennings & Rexhäuser 2011, pp. 274-290) . Thus environmental regulation, although rather conventional tool, creates still motivates firms to shift their efforts towards green performance (Kemp 2011). Hence, we argue, that the dominant role of regulation is one of the main driver of eco-innovation, leading us to the last hypothesis:
Hypothesis 3. Among all eco-innovation policy actions, existing environmental regulations have the greatest impact on the introduction of eco-innovation.
Sample, operationalization of variables, methods applied
The analysis of eco-innovation drivers is based on firm-level anonymous microdata from the Community Innovation Survey (CIS) for 2006-2008, covering enterprises from Bulgaria, the Czech Republic, Romania and Germany, 3 which exceptionally included a set of 15 questions on environmental innovation, covering both the types of eco-innovation potentially introduced by firms as well as their drivers. Firms from branches with a higher impact on the environment were extracted from each country sample. These included: enterprises from NACE section B (mining and quarrying); section C (manufacturing); section D (electricity, gas, steam and air conditioning) and section H (transportation and storage). Chi-square with column proportions (the Bonferroni method) was applied to verify statistically significant differences between country sub-samples. Within the refined sub-samples are 16 percent of firms from Bulgaria; 35 percent of firms located in the Czech Republic; 18 percent of Romanian-based firms, and 39 percent of firms in Germany which introduced product innovation, and 17, 39, 23 and 36 percent of firms (respectively in the countries under study) that implemented process innovation. In all of the analysed countries a minority of firms implemented organizational innovation (16, 42, 25 and 43 percent of firms, respectively). Also, fewer firms implemented marketing innovation (11, 37, 23 and 43 percent respectively). Small enterprises constituted 74 percent of the Bulgarian, 34 percent of the Czech, 36 percent of the Romanian and 38 percent of the German sample. As regards mediumsized and large enterprises, they constituted are 23 and 4 percent respectively in Bulgaria, 40 and 26 percent in Czech, 47 and 17 percent in Romania, and 34 percent and 28 percent in the German sample. In all surveyed countries the majority of firms are from NACE C, followed by H, D and B. The domestic (national) market was the most important target market for the analysed firms, followed by European market (EU/EFTA). The markets other than the EU/EFTA markets were the least important ones for firms in each country sample (see Table 2 for further details).
Operationalization of the variables based on the definitions derived from CIS 2008 is presented in Table 3 .
Results of the analysis
The exploratory nature of this part of the paper influenced the data analysis methods. To answer the research questions exploratory factor analysis (Oblimin rotation), stepwise regression, and Z Fisher were used. Factor analysis of ecoinnovation for Romanian enterprises 3 using Oblimin rotation (KMO=0.872; x 2 (36) =289245.67; p<0.001) allowed us to determine two underlying factors which explain 65.46% of the Variance. The first factor: "Environmental benefits from the production of goods within the enterprise" explains 35.88% of the Variance (Crombach's α = .856). The second one: "Environmental benefits from the after sales use of goods by the end user" explains 29.58% of the Variance (Crombach's α = .781). Details of the analysis are presented in Table 4 .
In the following part, due to the limited space, the hypothesis H1 -H3 will be tested only for the extracted variables: "Environmental benefits from the production of goods or services within the enterprise".
Based on the results of stepwise regression we can conclude that public financial support from local authorities for innovation activities did not have a statistically significant impact on the introduction of eco-innovation within the surveyed countries, whereas public financial support from government authorities is an important factor for the introduction of eco-innovation with accompanying environmental benefits from production in the Czech Republic and Germany. Public financial support from the European Union is important only among Bulgarian enterprises. Based on these results we can argue that with respect to the introduction of eco-innovation with environmental benefits within the enterprise hypothesis H1a has been rejected for all surveyed countries, H1b has been supported for Czech Republic and Germany, and H1c has been supported only in case of Bulgarian enterprises.
Government grants, subsidies or other financial incentives designed especially to spur eco-innovation, although they have a positive and statistically important impact, did not turn out to be more influential than public financial support for overall innovation performance. Thus hypothesis H2 has been rejected for all surveyed countries.
Out of five driving forces directly connected with eco-innovation and which can have a potential impact on its introduction, those related to existing regulations were ranked the highest in two countries. Thus the hypothesis H3 is supported for Bulgaria and Romania. Apart from analysing the policy drivers, due to the construction of the CIS questionnaire it was possible to also observe the impact of expected regulations or taxes, market demand for eco-innovation, as well as voluntary codes or arrangements within the sector concerning the introduction of eco-innovation.
With respect to expected market regulations, in all the surveyed countries they have a significantly important impact on the introduction of eco-innovation. Voluntary codes or arrangements within the sector and market demand for innovation are also important eco-innovation drivers.
In the case of Bulgaria, analysis of the whole spectrum of eco-innovation drivers shows, that their importance, although statistically significant, does not play as important a role as environmental regulations. Very similar results were obtained for Romanian enterprises. It is different in the case of the Czech Republic, where voluntary codes or agreements within a sector, as well as expected regulations play equally as important role as existing regulations. This is very similar to the results obtained for Germany, where the spectrum of equally important factors for the introduction of eco-innovation is even larger.
In Romania there is no statistically significant impact of public financial support from local, government, as well as EU sources for innovation activities, on the introduction of eco-innovation, whereas in Germany such a relationship exists between public support from government authorities.
In Romania, the most influential driving forces are existing environmental regulations or taxes, which have a statistically stronger impact than expected regulations and market demand for eco-innovation. Grants and subsidies are significant, but have the lowest impact on eco-innovation.
In Germany, both existing as well as expected environmental regulations, and also market demand and voluntary codes and agreements have a positive, statistically significant influence and the same strength of impact on the introduction of ecoinnovation.
The results of stepwise regression are presented in Table 5, whereas Table 6 contains a summary of the hypotheses' verification.
Conclusions
The aim and objective of this study was to find the relationship between public financial support, environmental regulations, and eco-innovation performance and provide evidence concerning the importance of these driving forces for the eco-innovation activity of enterprises from Bulgaria, the Czech Republic, Romania and Germany.
Do Government Policies Foster…

55
The results for Bulgaria revealed the eco-innovation additionality of public financial support from the European Union, with a simultaneous lack of impact of resources from local and government authorities. The positive impact of funds from the EU may be related to the sample structure, in which small enterprises dominated. Research shows that financial support additionality is much more visible within this group of enterprises, and the crowding out effect of private funds is less frequent (Kemp 2011).
The general limited role of financial support, especially that coming from EU, may result from the fact that the innovation process cannot be reduced to linear relationships only, and in addition the effects may be postponed over time. Other reasons may be the still insufficient level of such aid directed towards eco-innovation, as well existing blockages in the absorption of European funds by enterprises (Cace et al. 2011) , deriving from both administrative barriers and insufficient communication (Wysokińska 2012, pp. 5-29) .
On the other hand, the positive impact of support from government authorities in the Czech Republic (for both groups of innovation) and Germany (for ecoinnovation with benefits for end users) may reflect the shift in the innovation policy towards environmentally-friendly innovation in these countries.
We also found, that the potential of grants and subsidies directed towards ecoinnovation is not fully used by CEE enterprises. Possible reason of this limitation, may be caused by drawbacks of this stimuli, mentioned in the theoretical part (Veugelers 2012) .
Finally, the results suggest that environmental regulations affects ecoinnovation as firms respond to environmental regulations with higher levels of ecoinnovations. It should be underlined however, that eco-innovation cannot be considered only as a systematic response to regulation (Kowalska 2014, pp. 153-158) , as the positive impact of demand for eco-innovation is reflected in the findings of many authors (Rennings 2000; Horbach 2008; Doran and Ryan (2012) . This study, although limited to one period of observations, deepens our understanding of the factors that initiate and boost eco-innovations in firms from countries under study.
At this point we should bear in mind however that the CIS questionnaire does not specify whether the demand comes from individual customers or other enterprises. It may also be created by the government itself. More precise questions could help to investigate this issue.
With regard to future research directions, we can conclude, that only a wider policy-mix, based on several sources of incentives, may be influential enough to convince enterprises to introduce eco-innovation and follow the path of sustainable growth (Kaźmierczak-Piwko 2012, pp. 533-543; Burchard-Dziubińska 2014, pp. 135-150) .
The breadth of the results of this paper opens up research avenues for further in-depth analyses, such as the complementarity impact of different eco-innovation driving forces and thus policy interaction effects.
While this study confirms the importance of different eco-innovation drivers and is based on representative samples from the four surveyed countries, the analysis has its limitations. It covers only a single-period CIS panel, which reduced the opportunities to assess long-term trends of the causal effects under study. The statistically significant differences among the surveyed samples might also bias to some extent the results of this study, especially due to the differences in firms' size and structure, intensity of the introduction of other types of innovation, sales target markets etc.
It should be emphasized however that the presented analysis is based on representative samples of Bulgarian, Czech, Romanian and German enterprises, so the research results do reflect the real casual relationships between eco-innovation and their drivers in the context of the overall innovation performance of the above-mentioned countries. 
